Objective: There are certain situations in obstetric ultrasound such as hydrocephalus, anencephaly, short limb dysplasia, where traditional biometric values cannot be used to assess gestational age. In these situations, we have to use other parameters for the accurate assessment of gestational age. One of the useful parameters is foetal foot length because it is easily accessed and measured easily. Objective of our study was to create a nomogram of fetal foot length (FtL) throughout gestation.
Introduction
Estimation of length of gestation is of critical importance in clinical practice to ensure appropriate management of newborns and to distinguish pre-term from term infants. Despite recognition that estimation of GA based on maternal recollection of the LMP (Last Menstrual Period) is fraught with error, it is not generally appreciated that the magnitude and direction of this error vary as a function of LMP estimate. Though early trimester (10-14 weeks) ultrasound determinations of the fetal BPD (Biparietal Diameter) can predict expected date of delivery within one week, many pregnant women would not have these early ultrasound examinations in developing countries and majority of the time they report late in gestation.
Thus sonographic determination of gestational age (GA) is becoming increasingly important. The most frequently used biometric parameters for the estimation of gestational age are BPD, HC, AC and FL. As pregnancy advances, ultrasound biometric values lose their capability to estimate gestational age accurately especially in preterm and post term pregnancies. These systematic errors in menstrual GA estimates have profound implications for unnecessary induction, dysfunctional labor and cesarean section, and resultant neonatal and maternal morbidity.
The traditional biometric parameters have some limitations, for example, conditions affecting shape of skull (cranial malformations) will affect BPD and HC, abdominal conditions (hydrops, severe growth restriction) affect AC and FL measurements may be difficult to obtain in deeply engaged breech or may be abnormal in limb dysplasias 1 . This indicates that there is a need for alternative measurement to assess gestational age. The present study focusses on role of foetal foot measurement to assess gestational age and develop-ment of institution specific FtL (Foetal foot length) nomogram.
Methods
Serial sonographic study between 16-20 to evaluate correlation of gestational age with foetal foot length was carried out at Kasturba Medical College Hospital, Manipal.
Inclusion criteria were singleton pregnancy, starting gestational age of 16 weeks, reliable last menstrual period and dates correlated and confirmed by comparison with first trimmest CRL (Crown Rump Length). Once initial criteria were met, those who were subsequently diagnosed to have aberrant foetal growth (due to conditions such as hypertensive www.slcog.lk/sljog disorders, gestational diabetes, placental insufficiency) were excluded from the study, as they would give altered ultrasound parameters. Only those patients who delivered between 37- Figure 1 . Plantar view of foetal foot and measurement taken from kin edge overlying the calcaneus to the distal end of the second toe (cursers).
Figure 2. Sagital view of foetal foot and measurement (arrow).
40 weeks were included in the study as we wanted longitudinal data till term. The final study subjects were 50 low risk pregnant populations who underwent serial scans at 4 weeks interval starting from 16 weeks till term. Institutional ethical committee approval was obtained for performing this study.
The subjects recruited underwent thorough ultrasonographic examinations using Toshiba Nemio 20 curvilinear array real time 2-D section of linear display scanner with a 3.5 mHz transducer. The biometric measurements included were BPD, HC, AC and Foot Length (FtL). Fetal foot length was taken from the skin edge overlying the calcaneus to the distal end of the longest toe (the first or second toe) on either the plantar or the sagittal view ( Figure 1 and 2 ) and values were averaged. The statistical analysis was performed by SPSS software version 14.
The relationship between gestational ages in weeks to fetal foot length in millimeters was computed by simple linear regression. For a given ges-tational age, predicted values were obtained for the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles to develop a nomogram. Correlation coefficient value of fetal foot length measurement was compared with standard biometric parameters such as BPD, HC, AC and FL.
Results
The mean age of patients studied was 24.7 years, 36% of them were primigravidae. The average gestational age at the time of delivery was 38.4 weeks. Complete longitudinal data were available for 50 patients starting from 16 weeks till term for the construction of nomogram. With the use of regression equation, the predicted FtL in centiles were calculated for each GA ( Table 1 ).
The mean values of FtL at corresponding duration of pregnancy along with 2 standard deviations cutoffs are shown in Table 2 .
A linear growth function was observed across gestatitional age (GA) and first degree correlation was found to exist between GA and and Foot length (Foot Length = -14.02 + 2.3609 * Gestational Age, R2 = 0.97, www.slcog.lk/sljog 
Discussion
The determination of gestational age is important in obstetrics for management of pregnancy and evaluation of foetal development. Higher perinatal mortality has been reported in patients were expected date of delivery is not known. An error in the gestational age estimation can result in prematurity and postmaturity. Extremes of foetal growth contribute disproportionately to overall perinatal and infant morbidity and mortality.
Among various clinical criteria, Last Menstrual Period preceded by normal cycle, is known to correlate best with the gestational age but not reliable when a woman is not sure about her LMP.
Other biometric parameters for GA assessment are BPD, HC, AC and FL. These parameters have their own limitations as BPD after 26 weeks becomes more related to growth and also unreliable in conditions altering the shape of the skull i.e, in breech presentation and oligoamnios. Similarly femur length is also unreliable in cases of achondroplasia 1 .
Our study shows a clear linear relationship between foetal foot length and gestational age with significant correlation between these parameters. This is in comparison with previous studies which conclude that the ultrasonographic measurement of foot length is a reliable indication of gestational age 3, 4, 5 . A study by Mandarim-de-Lacerda et al 2 presents significant curves of the foetal foot length growth in relation to foetal parameters and concluded that these curves are useful in anatomy, forensic medicine, foetopathology, medical imaging, obstetrics and paediatrics. We have developed a nomogram which is almost comparable to that of Western population (Table 3) 3,4,5,6,7 . We therefore recommend that foetal foot length should be considered for evaluation of gestational age; especially when other traditional parameters are not conclusive.
Present study showed linear relation of FtL with gestational age (Graphs 1 and 2) with gestational age. The incremental growth of FtL observed in our study is similar to observations in a Nepalese study ([foot length (mm) = 2.494 × Gestational age (weeks)-15.46], r=0.970 and P<0.0001) 8 .
Meirowitz NB et al (2000) conducted a large scale ultrasound examination of foot length on 5372 singleton foetuses between 15 and 37 weeks' gestation 5 . They observed that even in extremes of growth abnormalities (both intrauterine growth restriction and macrosomia), the foetal foot length were not altered significantly. They attributed this to the fact that the alterations in the soft tissue stores of subcutaneous fat of foot in these conditions are probably attenuated by the relatively unaffected foot bones. They opined that foot length can be a reliable indicator of gestational age even in extremes of foetal growth.
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Conclusion
In normally developing foetus, the FtL increases with advancing gestational age. FtL showed good correlation with gestational age (Pearson's Correlation coefficient = 0.97, P<0.001). So FtL is a good marker for gestational age estimation and can be used in cases of wrong dates. The present data offer the normal range of the FtL measurements throughout the gestation. These values may allow intrauterine assessment of foetal growth.
